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(54) WHITE ORGANIC ELECTROLUMINESCENCE ELEMENT 



(57) An organic electroluminescence device emit- 
ting white light which emits white light and exhibits prop- 
erties sufficient for practical applications, i.e., a high ef- 
ficiency of light emission and a long life, is provided. The 
organic electroluminescence device emitting white light 
comprises a pair of electrodes and a layer of a light emit- 



ting medium disposed between the pair of electrodes, 
wherein the layer of a light emitting medium comprises 
a light emitting material emitting blue light and a fluores- 
cent compound having at least one structure selected 
from a fluoranthene skeleton structure, a pentacene 
skeleton structure and a perylene skeleton structure. 
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D s ription 

TECHNICAL FIELD 

a :siKe,;. te li9ht andi more part,cu,arty ' to an ° r9anic el device having 8 high ■■*«* - 

BACKGROUND ART 

[0002] Electroluminescence devices which utilize electroluminescence show high self-distinguishability because of 
he se If-emission and are excellent in impact resistance because they are complete* solid devtees. Thereto^ Tec- 

T^ZrzL h8Ve ^ attraCtin9 attenti ° n f ° r aPP ' teati0n " ,i9h ' 6mittin9 d6ViCes in varioT^ 

[0003] The electroluminescence devices include inorganic electroluminescence devices in which an inoraanic com 

t^J^S?" T emittin9 and ° r9aniC '-i"escence devices in 1:^1 

,s used as the l.ght emrtting matenal. Organic electroluminescence devices have been extensively studied for Seal 
apphca on as a light errntting device of the next generation because the applied voltage can be decreased 52 

srrdr::r^ 

of an anode / fh^ 

clthode 19 3 tranSp0rtin9 la * er/ an or 9 anic "S" 1 emitting layer / an electron injecting layer / a 

[0005] Recently, organic EL devices for display apparatuses have been developed actively. In particular a device 

led a C s Th 7T* 6 " ^ maj ° r ter9et °' th6 devel °P™*. ^ organic EL device emitting HgW ca Z 
used as the hgh source for single color displays and back light. Moreover, an organic EL device emitting white liqh 6 
can be used for full color display when color filters are attached to a display apparatus 9 
fn SSh a F Lm Xa T Ple » S • 7 ° r9anicEL device emittin 9 white «8ht is disclosed in the United States Patent No. 5,503,91 0 
hit , T T J 9 ! m,tt,n9 ' ayer emitting b,ue light and a emittin 3 laver emitting green light is used as 
mlflum a 9 em 'S n H m S f luorescent com P°"id emitting red light is added to the layer of a light emitting 

medium. An organic EL device emitting white light is disclosed in the United States Patent No. 5 683,828 whteh has 
a layer of a light emrtting medium obtained by adding a complex compound containing boron which fa fluent 

Si L oh h'k P r 6Se ^ ent APPNCati0n Laid -° P6n N °- Heisei 10(1998)-308278, which has a light emitting 
medium obtained by adding a benzothioxanthene derivative which is a fluorescent compound emitting red light to a 
light emitting layer emitting bluish green light. emiuing rea iignt to a 

[0007] However, the device disclosed in the United States Patent No. 5,503,910 has an efficiency of liqht emission 

a ^ a \ ab ;r 

light ,s emitted. The device dsclosed in Japanese Patent Application Laid-Open No. Heisei 1 0(1 998)-308278 has an 
efficiency of light emiss.on as low as about 1 lumen/W although white light is emitted. No devices sufficiently satisfy 
the requirements for practical application with respect to the efficiency of light emission and the life * 

DISCLOSURE OF THE INVENTION 

[0008] The present invention has an object of providing an organic EL device emitting white light which emits white 

^JSJSJTS T*> ^ PraCtiCa ' aPPliCati0r,S ' Le - 8 hi9h 8fficienc y of ^ emfesto " « '« or 
greater and 5 cd/A or greater and a long life of 1 0,000 hours or longer. 

[0009] As the result of extensive studies by the present inventors to achieve the above object it was found that 
when the layer of a light emitting medium comprises a light emitting material emitting blue I gh and a uo^s2 

EES IT T StmCtUre Se ' eCted ,r ° m the f ' UOranthene skeleton the^nlZX 

ZZZSTf Hh 8 T ^vT^ ° f " ght emiSSi ° n and a ,ong life and emits wni * "W* The present invention 
has been completed based on this knowledge. invwiuun 

[0010] The present Invention provides an organic electroluminescence devic emitting white light which comprises 
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a pair of electrod s and a layer of a light mittingm dlumdispos dbetwe n the pair of electrodes, wher in the layer 
of a light emitting medium compris s a light emitting material emitting blue light and a fluorescent compound having 
at least one structure selected from a fluoranthene skeleton structure, a p ntacen sk I ton structure and a perylene 
skeleton structur . 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] 

10 Figure 1 shows an examples of the construction of the organic EL device emitting white light of the present invention . 

Figure 2 shows another examples of the construction of the organic EL device emitting white light of the present 
invention. 

Figure 3 shows another examples of the construction of the organic EL device emitting white light of the present 
invention. 

is Figure 4 shows another examples of the construction of the organic EL device emitting white light of the present 

invention. 

THE MOST PREFERRED EMBODIMENT TO CARRY OUT THE INVENTION 

20 [0012] The organic EL device of the present invention has, as shown in Figure 1 , a construction comprising a pair 
of electrodes and a layer of a light emitting medium disposed between the pair of electrodes. 
[0013] The layer of a light emitting medium comprises a light emitting material emitting blue light and a fluorescent 
compound having at least one structure selected from the fluoranthene skeleton structure, the pentacene skeleton 
structure and the perylene skeleton structure. 

25 [0014] The layer of a light emitting medium comprises organic compounds as the main components thereof and is 
a medium providing a field for transportation and recombination of electrons and holes which are injected from the 
electrodes. This layer may comprise a single layer or a plurality of layers. When the layer of a light emitting medium 
comprises a plurality of layers, the layers comprised in the layer of a light emitting medium include a hole injecting 
layer, a hole transporting layer, a light emitting layer and an electron transporting layer. 

30 [0015] In the present invention, various constructions of the layers can be used. 

[0016] (1) In the first construction, similarly to the construction shown in Figure 1 , the layer of a light emitting medium 
comprises light emitting layer A which comprises the light emitting material emitting blue light and the fluorescent 
compound. 

[0017] The layer of a light emitting medium may comprise a light emitting layer emitting blue light and light emitting 

35 layer A described above. 

[0018] In this construction, the layer of a light emitting medium may comprise light emitting layer A and organic layers 
other than light emitting layer A. For example, as shown in Figure 2, light emitting layer A may be laminated with a 
charge transporting layer such as a hole injecting layer, a hole transporting layer and an electron transporting layer. 
The charge transporting layer and light emitting layer A may be laminated in the order reverse to that shown in Figure 

40 2. Layers other than the charge transporting layers such as an electron barrier layer, a hole barrier layer, an organic 
semiconductive layer, an inorganic semiconductive layer and a layer for improvement of adhesion may also be con- 
tained in the laminate. 

[0019] It is preferable that light emitting layer A described above comprises the light emitting material emitting blue 
light and a fluorescent dopant emitting blue light and/or that the light emitting layer emitting blue light comprises the 

45 light emitting material emitting blue light and a fluorescent dopant emitting blue light. 

[0020] (2) In the second construction, as shown in Figure 3, the layer of a light emitting medium comprises light 
emitting layer B comprising the light emitting material emitting blue light and a layer comprising the fluorescent com- 
pound. The layer comprising the fluorescent compound and light emitting layer B may be laminated in the order reverse 
to that shown in Figure 3. Charge transporting layers and other layers such as an electron barrier layer, a hole barrier 

so layer, an organic semiconductive layer, an inorganic semiconductive layer and a layer for improvement of adhesion 
may be disposed between the layer comprising the fluorescent compound or light emitting layer B and the electrodes. 
[0021] In this construction, it is preferable that light emitting layer B is a light emitting layer emitting blue light, the 
layer comprising the fluorescent compound is a light emitting layer which comprises a light emitting material and the 
fluorescent compound and emits yellow, orange or red light and the light emitting layer emitting blue light comprises 

55 a light emitting material emitting blue light and a dopant emitting blue light. As the light emitting material comprised in 
the layer comprising the fluorescent compound, a light emitting material emitting blue or green light is pref rable. 
[0022] (3) In the third construction, as shown in Figure 4, the layer of light emitting medium comprises a light emitting 
layer emitting blue light and a layer of the fluorescent compound. The layer of the fluorescent compound and the light 
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Z^SZTT* b ' U 'i? ht ^ 66 ,aminated th ° rder reverse ,0 that shown in Fi 9"e 4. Charge transporting 
layers and other layers such as an electron barrier lay r, a hole barrier layer, an organic semiconductive layer an 
inorganic semiconducflve layer and a lay r for improvement of adhesion may be disposed b tween the layer of'the 
fluorescent compound or the light emitting layer emitting blu light and the electrodes 

[0023] The layer of the fluorescent compound is a layer which contains 20 to 100% by weight of the fluorescent 

isTEI JlIT ye "™ n 0ra T ^ Kght thS 8b0Ve constfUC «°". ^ « Parable that the light emitting layer 
is a light emrtt ng layer emitting blue light and the layer of the fluorescent compound Is a light emitting layer which 

mT' C ° mP0Un 1 d and emitS ye " 0W ' ° ran9e ° r red " 9ht - " iS more P referable theCt emS 
2?E£? h t" 8 t C °T S6 f thS " 9ht emittin9 matSrial emitting blue ,i9ht and a ""orescent dopant emitting blue 

[0024] As described above, in the first to third constructions, light emitting layer A, light emitting layer B and the light 

em2 TIFT** t G l m ^ thG ,i9ht emitting material emittin 9 blue «S« and «» Ascent dopant 

emitting blue light so that the property to emit blue light is enhanced. The fluorescent dopant emitting blue liqht is a 

dZr^ hl iS t0 , e " hance 1 the P r °P ert y of light emitting layer. Preferable examples of the fluorescent 
dopant emrtting blue light include styrylamines, styryl compounds substituted with an amine and compounds having a 
^nrtrii "^T 9 ' fluorescent d °P ant emitting blue light is added in an amount of 0.1 to 20% by weight It 
is preferable that the ionization energy of the fluorescent dopant emitting blue light is smaller than the ionization energy 
of the mam components so that the property for charge injection is improved 

Eg material 6 ' * 3 *** M9 may C ° mpriSe a h0lS trans P or «"g ™terial or a hole 

[D026] The layer of a light emitting medium described above may comprise a hole transporting layer ora hole injecting 

25 22L Th6 ! ayer °\ 3 " 9ht 6mittin9 mediUm d6SCribed ab0Ve may com P rise an electron transporting material or an 
electron injecting material. 

En injTcflngTayt 8 ""^ * >C * ed **" ™ y C ° mpriSe a " eleCtr0n trans P°rting layer or an 

IS J * fe prefe t rablathat ' he layer 0f a li9ht emittin 9 medium the anode contains an oxidizing agent. As 

SiS 9 ag f nt t contamed In the ,ayer of a ''Shi emitting medium, an oxidizing agent having the electron-accepting 
property or an electron acceptor is preferable. Preferable examples of the oxidizing agent include Lewis acids, various 
S tlZZ denvat ! VeS, ( tfcyanoquinodimethane derivatives and salts formed from aromatic amines and Lewis 
muni 17 f TT.T* LSWiS 8Cid indUde lr ° n Chl0rid6 ' a "«^°ny chloride and aluminum chloride. 
S JiirJTtK ? or 9an.c light emitting medium contacting the cathode contains a reducing agent. Pref- 

mSr„t h P ? , redUCmg 896,11 inC,Ud6 8lkali m6talS ' alkaline earth metals - alka " m etal oxides, alkaline earth 
metal oxides oxides of rare earth elements, alkali metal halides, alkaline earth metal halides, halides of rare earth 

L r N ?~ d ,rom alka,i m6ta,s and aromatic compounds preferab,e examplas °< *° 

S.nJJZ e !n 0f H an in ° r 9f ic <; orn P°^ ma V b e disposed between at least one of the electrodes and the layer of 
a hght emittmg medium Preferable examples of the inorganic compound used in the layer of an inorganic compound 
include vanous types of oxides, nitrides and oxide nitrides such as alkali metal oxides, alkaline earth metal oxWes 

AIO S.N X1 S.ON, A ON, GeO x , L,O x , LiON, TO X , TON, TaO x , TaON, TaN x and C. In particular, as the component o 
thelayercontactingthe anode, SiO x ,AIO x ,SiN x ,SiON,AION,GeO x and Care preferable since a stable interface!^ 
SST^iiS^'.i 8 « e Compo ? ent 01 0,0 » W contacdno the cathode, UF, MgFa, CaF 2 and NaF ar» pretorable. 
[0032] Examples of the fluorescent compound having at least one structure selected form the f luoranthene skeleton 
structure and the perylene skeleton structure, which is used in the present invention, include compounds represented 
by general formulae [1 '], [2'] and [1] to [18] shown in the following. represented 

so X=Z=Y [r] 

X=W [21] 

55 (1 Mole)'" abW8 f0rmUla6 ' Z rePr6SentS 8 tetravalent 9 rou P presented by any of the following general formulae 
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X and Y each independently represent a divalent group represented by any of the following general formulae (7) to (1 0): 




and 

W represents a divalent group represented by any of the following general formulae (11) to (13): 
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R 80 
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RW 
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• R 74 - 
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R75 R 78 




RWR85 



(13) 



R98 R97 




[0034] lntheabovegeneralfonnulae(1)to(13). R0 to R" each independently represent hydrogen atom ahaloaen 
atom, cyano group, a substituted or unsubstituted alkyl group having 1 to 20 caroon atoms 1 Z , T 
tuted cycioaikyi group having 6 to 1 0 carbon atoms, a subZed oru sub s « 

carbon atoms, and adjacent groups represented by R» to R 99 may be bonded to each other to torn a cycTstructufe 
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X n x io 




X s x 4 



C9) 



X M X 1S 



xKO 



X 12 



rll 



■10 



X 2 



x» 



C103 



x»' 

X 5 

x» x f 




cm 



x ie x 1B x"x» x 12 x „ 




x8 x 4 x 6 x 6 V * 8 



C123 
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10 



14 X 13 X 12 X» X 10 




X X 4 X 6 X 6 X 7 



(13) 



15 



20 



x 1 x 20 x w x»x" x ie x 15 / 4 




X 4 X* 



CIO 



x 7 x» 



25 



30 




x 4 x 6 



C15) 



35 



40 



X 14 X* vw X 11 X"> 




C163 



45 



50 



55 



[0035] In the above general formulae [1] to [16], X 1 to X 20 each independently represent hydrogen atom, a linear, 
branched or cyclic alkyl group having 1 to 20 carbon atoms, a linear, branched or cyclic alkoxy group having 1 to 20 
carbon atoms, a substituted or unsubstituted aryl group having 6 to 30 carbon atoms, a substituted or unsubstituted 
aryloxy group having 6 to 30 carbon atoms, a substituted or unsubstituted arylamino group having 6 to 30 carbon 
atoms, a substituted or unsubstituted alkylamino group having 1 to 30 carbon atoms, a substituted or unsubstituted 
arylalkylamino group having 7 to 30 carbon atoms or a substituted or unsubstituted alkenyl group having 8 to 30 carbon 
atoms, adjacent substituents and adjacent groups represented by X 1 to X 20 may be bonded to each other to form a 
cyclic structure, and, when the adjacent substituents are aromatic groups, the substituents may the same group. 
[0036] It is preferable that the compounds represented by general formulae [1] to [16] have an amino group or an 
alkenyl group. 
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R 5 R16 




CI 7] 



14 Rl9 




CI 83 



[0037] In the above general formulae [17] and [18], Ri to R4 each independently represent an alkyl group havina 1 
to 20 carbon atoms, a substituted or unsubstituted aryl group having 6 to 30 carbon atoms, any ofa pair of orouos 
represented by Ri and R2 and a pair of groups represented by R3 and R* may be bond* t Teach othe throuah a 
carton-carbon bond, -O- or -S-, R* to R« each independently represent hydrogen atom * WtaSSS^^ 
alkyl group having 1 to 20 carbon atoms, a linear, branched or cyclic alkoxy group havina t Z! 

6 to 30 carbon atoms, a substituted or unsubstituted arylamino group having 6 to 30 carton atoms a sS.S rfr 

7 to 30 carbon atoms or a substituted or unsubstituted alkenyl group having 8 to 30 carbon atoms L «rti™2 
substtuents and adjacent groups represented by R* to *• may" be bo'nded to eac other^fom a 2£S£H 

^aT^ 

tKseSlZ' K h ° reSCent T P ° Und haVin9 31 ' 6aSt ° ne pentacene skeleton structure - which is used in 
the present .nvention, .nclude compounds represented by formulae [1 9] and [20] shown in the following. 




CI 9) 



[0039] n the above general formula [19], Ri to Ri* each independently represents hydrogen atom an alkvl arouo 
*Z! 1 ° 10 l Cart3On h atOms ' an ^ ^ving 6 to 20 carbon atoms, an arylal Jg oup having to 20 LZ 

atoms an aryl group hav.ng 6 to 30 carbon atoms, an arylamino group having 6 to 30 carbon atoms an alkvSno 

KK? T^TT " W 6 to 30carbon JE^^SSE 

by Ri to Ri* may be subst.tuted, and at least one pair of groups represented by Ri to R14 which are aLcen to each 
other are not hydrogen atom and form a cyclic structure. wnicn are aajacent to each 
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(2 03 



R< R 6 Ar* R 7 R 8 



10 [0040] In the above general formula [20], R 15 to R 26 each Independently represent hydrogen atom, an alkyl group 
having 1 to 10 carbon atoms, an aryloxy group having 6 to 20 carbon atoms, an arylalkyl group having 6 to 20 carbon 
atoms, an aryl group having 6 to 30 carbon atoms, an arylamino group having 6 to 30 carbon atoms, an alkylamino 
group having 2 to 20 carbon atoms or an arylalkylamlno group having 6 to 30 carbon atoms, the groups represented 
by R 15 to R 26 may be substituted, at least one pair of groups represented by R 15 to R 26 which are adjacent to each 

is other are not hydrogen atom and form a cyclic structure, and Ar 1 and Ar 2 each represent a substituted or unsubstltuted 
aryl group having 6 to 30 carbon atoms or a substituted or unsubstituted heterocyclic group having 5 to 30 carbon atoms. 
[0041] It is preferable that the fluorescent compound having the fluoranthene skeleton structure or the perylene 
skeleton structure has an electron -donating group so that a high efficiency and a long life are achieved. As the electron- 
donating group, substituted and unsubstituted arylamino groups are preferable. 

20 [0042] It is preferable that the fluorescent compound having the fluoranthene skeleton structure, the perylene skel- 
eton structure or the pentacene skeleton structure has 5 or more condensed rings and more preferably 6 or more 
condensed rings since the fluorescent compound having this structure has the peak wavelength of fluorescence at 
540 to 650 nm and the light emitted from the light emitting material emitting blue light and the light emitted from the 
fluorescent compound are combined so as to emit white light. 

25 [0043] It is preferable that the fluorescent compound has a plurality of the fluoranthene skeleton structures or a 
plurality of the perylene skeleton structure since the emitted light is in the region of yellow to red. It is more preferable 
that the fluorescent compound has an electron-donating group and the fluoranthene skeleton structure or the perylene 
skeleton structure and has the peak wavelength of fluorescence at 540 to 650 nm. 

[0044] It is preferable that the light emitting material emitting blue light used in the present invention is a styryl de~ 
30 rivative, an anthracene derivative or an aromatic amine. 

[0045] It is preferable that the styryl derivative described above is at least one compound selected from distyryl 
derivatives, tristyryl derivatives, tetrastyryl derivatives and styrylamine derivatives. 

[0046] It is preferable that the anthracene derivative described above is a compound having the phenylanthracene 
skeleton structure. 

35 [0047] It is preferable that the aromatic amine described above is a compound having 2 to 4 nitrogen atoms which 
are substituted with an aromatic group and more preferably a compound having 2 to 4 nitrogen atoms which are 
substituted with an aromatic group and having at least one alkenyl group. 

[0048] Examples of the styryl derivative and the anthracene derivative described above include compounds repre- 
sented by general formulae [i] to [v] shown bellow. Examples of the aromatic amine described above include compounds 
40 represented by general formulae [vi] and [vii] shown below. 



45 



50 




[0049] In the above general formula, R r toR 10 'each independently repr s nt hydrogen atom, a halog natom,cyano 
group, nitro group, a substituted or unsubstitut d alkyl group having 1 to 20 carbon atoms, a substitut d or unsubstituted 
alkoxy group having 1 to 20 carbon atoms, a substituted or unsubstituted aryloxy group having 6 to 30 groups, a 
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tuted .ingle *g group ,«r,g 5 1, 30^"Z2^2S? I 8 "" 9 ' * 30 ° a *° n a,om! ' an "»*»«• 

atoms, as^bslte'dorul^^^^^ ^ W ^ing 1 to 20 carbon 

group having 1 to 20 carbon atoms a «E SS!22S? t^' or ""substituted alkylthio 
substttutedorunsubstitutedarylal^l'g IEEEjVSEEE 8,7 0 ^ 6 t0 30 ^ a,oms ' a 
to 30 carbon atoms, a subsided Tor u^JbsZL cond^ T?' m Unsubsti,uted sin 9'* *8 group having 5 
substttuted or unsubWuted J^^S^^^^ M *™ « a 




alkoxy group having 1 to 20 carbon atoms a SXTflSh I . , rt>on i atoms . a substituted or unsubstituted 
substttuted or unsubstituted alkylth* group having 1 S cZn «t ? ^ 9r0UP ^ 6 t0 30 » a 

having 6 to 30 carbon atoms, . TsubstEor Tsu sited aSZuo EE!? Z?T * gr ° U » 
tuted single ring group having 5 to 30 carbon atoms a » ♦ 2 ° Carb ° n at ° mS ' an unsubst| - 

stituted alkyl group havinq 1 to 20 carbon pJL» . Z J ?! ,° stltuent ,n the above groups is a substituted or unsub- 
atoms, -"^oSSE^^ 9r ° UpS haVin ^ 1 to 20 cart - 

group having 1 to 20 carbon atoms, ™ S S^ 

substituted or unsubstituted arylalkyl group hZo 1 7 to 3Q SSI?? * 9raUP haVing 6 t0 30 carbon atoms ' a 
to 30 carbon atoms, a subst Jed or unsute Zd J^^^JHS'.^*^ ** ™ 9 9 ™ P 5 
stitutedorunsubstitutedheterocyclicgroup haZasZSZl^T 9 9 P haV ' n9 10 1 ° 30 Ca * on atoms ' a su °" 
having 4 to 40 carbon atoms. UPhaVm95t ° 30ca * on ^ 

[0053] n represents a number of 1 to 3, m represents a number of 1 to 3 and n + me2. 
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[0054] In the abov general formula [ii] t R v to R 8 ' each independently represent hydrogen atom, a halogen atom, 
cyano group, nltro group, a substituted or unsubstituted alkyl group having 1 to 20 carbon atoms, a substitut d or 
unsubstituted alkoxy group having 1 to 20 carbon atoms, a substituted or unsubstituted aryloxy group having 6 to 30 
groups, a substituted or unsubstituted alkylthio group having 1 to 20 carbon atoms, a substituted or unsubstituted 

5 arylthio group having 6 to 30 carbon atoms, a substituted or unsubstituted arylalkyl group having 7 to 30 carbon atoms, 
an unsubstituted single ring group having 5 to 30 carbon atoms, a substituted or unsubstituted condensed multi-ring 
group having 1 0 to 30 carbon atoms or a substituted or unsubstituted heterocyclic group having 5 to 30 carbon atoms. 
[0055] Ar 3 and Ar 4 each independently represent a substituted or unsubstituted aryl group having 6 to 30 carbon 
atoms or a substituted or unsubstituted alkenyl group. The substituent in the above groups is a substituted or unsub- 

10 stituted alkyl group having 1 to 20 carbon atoms, a substituted or unsubstituted alkoxy groups having 1 to 20 carbon 
atoms, a substituted or unsubstituted aryloxy group having 6 to 30 carbon atoms, a substituted or unsubstituted alkylthio 
group having 1 to 20 carbon atoms, a substituted or unsubstituted arylthio group having 6 to 30 cartoon atoms, a 
substituted or unsubstituted arylalkyl group having 6 to 30 carbon atoms, an unsubstituted single ring group having 5 
to 30 carbon atoms, a substituted or unsubstituted condensed multi-ring group having 10 to 30 carbon atoms, a sub- 

is stituted or unsubstituted heterocyclic group having 5 to 30 carbon atoms or a substituted or unsubstituted alkenyl group 
having 4 to 40 carbon atoms. 




35 [0056] In the above general formula, R 1 " to R 10 " each independently represent hydrogen atom, an alkenyl group, an 
alkyl group, acycloalkyl group, an aryl group which may be substituted, an alkoxy group, an aryloxy group, an alkylamtno 
group, an arylamino group or a heterocyclic group which may be substituted, a and b each represent an integer of 1 
to 5 and, when any of a and b represents an integer of 2 or greater, a plurality of R 1 " or R 2 ' may represent the same 
or different groups, a plurality of groups represented by R 1 " or R 2 ' may be bonded to each other to form a ring, and a 

40 pair of groups represented by R 3 " and R 4 ", R 5 ' and R 6 ", R 7 " and R 8 ' or R 9 ' and R 10 " may form a ring via the bonding 
within the pair. L 1 represents a single bond, -0-, -S-, -N(R)-, R representing an alkyl group or an aryl group which may 
be substituted, or an arylene group. 
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10 



15 



20 



25 




* • • Cv) 



[0057] In the above general formula RH" tn n20" • ^ 

an alkyl group, a cycloalkyl group, an aryl group an atom ' a " ^ 

group or a heterocyclic group which may be suiuteTc 71 and ^ *" gr0up ' an a, Y |amin ° 

any of c, d, e and f represents an intege'of 2 o grea 2? ' ^lu'raliS of R r *" int69er 0f 1 t0 5 an * w ^n 

or deferent groups, a piurality of group's represent^ S? ffJl' £ "J *" represent the ~» 
a ™^"™-' ■ • y ' M ■ R,H or Ri? may be bonded to each other to form 



a ring and a pair of groups represented by R13" and rm- or oie- 1", J s - ™ V be b0ndec, t0 each 0,her to fo ™ 



stituted, or an arylene group. 
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[0058] !n the above general formula, Ar^' Ar*' and ArS'oa^hinw. ^ , 

monovalent aromatic group having 6 to 4o'ctrt,oTat^s ^EESt**™ * " Unsubstituted 

have a styryl group and g represents an integer of 1 toT 9r ° UPS re P resented * Ar 3 ' to Ar* may 



/at ^— A Ar «V-N -f Ar io^Z M 



CviU 



[0059] In the above general formula, Ar 6 ' Ar?' Ar9' Arir =„h 

unsubstituted monovalent aromatic group havino 6 to Z JZ?L t eac A h ^ de P end ently represent a substituted or 
a substituted or unsubstftuted *J£££F™ J Z 6 oTcL T "* represent 
sented by Ar* to Ar«' may have styryl qrouo or SSLn!^ 40 carbon atoms, at least one of the groups repre- 
[0060] It is preferable that the SSSSSSffiS^J' ' ?t a " ^ ° f 0 * * 

styrylamines, styryl compounds substituted wfth 1 aTnl nT 9 5** 18 * ' east 0ne com ^^ elected from 
[0061] Examples of the above *to*J^ZLZ "1:™ ."T"" 1 * h ^ing a condensed aromatic rina. 
pounds represented by genera, foST ^ with an amine inc.ude com- 

Censed aromatic ring inciude compounds *L^Z^^^££ «™P«- *«* * con- 
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Ar'\ 




• • • Cviil) 



[0062] In the above general formula, Ar 1 ', Ar 2 " and Ar 3 ' each independently represent a substituted or unsubstituted 
arylene group having 6 to 40 carbon atoms, at least one of the groups represented by Ar 1 " to Ar 3 ' has styryl group and 
p represents an integer of 1 to 3. 



[0063] In the above general formula, Ar 4 " and Ar 5 " each independently represent an arylene group having 6 to 30 
carbon atoms, E 1 and E 2 each independently represent an aryl group having 6 to 30 carbon atoms, an alky! group, 
hydrogen atom or cyano group, q represents an integer of 1 to 3 and at least one of U and V represents a substituent 
having an amino group. It is preferable that the amino group is an arylamino group. 



[0064] In the above general formula, A represents an alkyl group or an alkoxy group having 1 to 16 carbon atoms, 
a substituted or unsubstituted aryl group having 6 to 30 carbon atoms, a substituted or unsubstituted alkylamino group 
having 6 to 30 carbon atoms or a substituted or unsubstituted arylamino group having 6 to 30 carbon atoms, B repre- 
sents a condensed aromatic ring group having 10 to 40 carbon atoms and r represents an integer of 1 to 4. 
[0065] The present invention will be described more specifically with reference to examples in the following. However, 
the present invention is not limited to the examples. 

Example 1 Preparation of an organic EL device (An example of the first construction: the fiuoranthene skeleton 
structure) 

[0066] A glass substrate of 25 mmx75 mmx1 .1 mm thickness having a transparent electrode line of ITO (In-Sn-O) 
(manufactured by GEOMATEC Company) was cleaned with isopropyl alcohol for 5 minutes under application of ultra- 
sonic wave and treated by the UV ozone cleaning for 30 minutes. The cleaned glass substrate having a transparent 
electrode line was attached to a substrate holder in a vacuum vapor deposition apparatus. On the face of the substrate 
on which the transparent electrode line was disposed, a film of N,N'-bis(N,N , -diphenyl-4-aminphenyl)-N,N*diphenyl- 
4,4'-diamino-1 .V-biphenyl (a TPD232 film) having a thickness of 60 nm was formed in a manner such that the film 
covered the transparent electrode line. The TPD232 film worked as the hole injecting layer. Then, a film of 4,4' -bis 
[N-(1-naphthyl)-N-phenylamino]biphenyl (an NPD film) having a thickness of 20 nm was formed on the TPD232 film. 
The NPD film worked as the hole transporting layer. On the NPD film, a styryl derivative DPVBi having the structure 
shown below and a fluorescent compound E1 having the structure also shown below (the peak wavelength of fluores- 
cence: 565 nm) were vapor deposited in amounts such that the ratio of the amounts by weight was 40:0.04 and a film 
having a thickness of 40 nm was formed. This film worked as the light emitting layer emitting white light. On the film 
formed above, a film of tris(8-quinolinol)aluminum (an Alq film) having a thickness of 20 nm was formed. The Alq film 
worked as the electron injecting layer Subsequently, Li (lithium, manufactured by SAES GETTERS Company) and Alq 
were binary vapor deposited and an Alq:Li film was formed as the electron injecting layer (a cathode). On the formed 
Alq:Li film, aluminum metal was vapor deposited and a metal cathode was formed. Thus, an organic EL device was 



[0067] The properties of the obtained organic EL device were evaluated. A direct voltage of 5 V was applied in a 
condition such that the ITO anode was connected to the positive electrode (+) and the aluminum cathode was connected 
to the negative electrode (-). White light was emitted at a luminance of 181 cd/m 2 , a maximum luminance of 110,000 
cd/m 2 and an fficiency of light emission of 8.8 cd/A. Th chromaticity coordinat s wer (0.36, 0.32) and emission of 




(Ah-B 



Cx) 



formed. 
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JTJSSrSS *!. d : The « - 'ong as 1,800 hours 



nt driving at an initial luminance of 1,000 cd/m2. 



when the device was driven under a constant 



10 



15 



W (DPVBi) 



20 



25 



30 



35 



40 



45 



50 




(El) 



55 



E = e 2P ^ 

Sic^;^ 

some wave and treated by the UV won cleaning IT^Z^X^ ? ? """^ Under application of ultra " 
electrode line was attached to a substrate holder in ^wuS^S^ 9 ' aSS SUbStrate havin ° a ****** 
on wh.ch the transparent electrode line was disied^TpS fShf ° n the face of the substr ^ 

manner such that the film covered the rmrnpmSS£^^^^^ of 60 nm «• '°™d in a 
Then, an NPD film having a thickness of 20 nm was Sme 0 'teT^^^T*? 38 the h °' 6 injectin 9 ,a * er - 
fluorescent compound described above (E1) was added in an ZlZ t !w Wh6n th ° NPD fi,m was «>™*. the 
was 20:0.1 . The NPD film worked as the Vght Ztfna laver eml ?■ the am ° Unts ** wei 9 ht ° f ^PD to E1 
porting property. On the NPD film, a film SSSSS^^SSXT °™ 9 * m *" h3Ving the hole tran - 
emrttrng blue light. On the film formed above an A Si ™ at^t T W3S f0n7,ed as the "'9 ht fitting layer 
as the electron injecting layer. Subsequent^, L (lithium 532E^£2 ^ tonMd - ^ ^ f ilm ^ 
binary vapor deposited and an Alq:LI film was , *CSifc 2So^n n f ° 0mpany) and Al <> were 

Li film, aluminum metal was vapor deposited and a metal IT Je ° tln9 layer (a cathode >- 0n »e formed Alq- 
[0069] Theproperuesofthe'obtain'edtS 
cond,tionsuchthatthelTOanodewasconnLdto^ 

toft, negative electrode (-). White light was emitted i TE££t 5 ^ , 1 a ^ a ' um,numc «^e was connected 
cd/m* and an efficiency of light emission of 6.8 cd/A The life was as lol ! maXI ™ m ,Uminance of 80 ' 000 

under a constant voltage at an initial luminance of 1 00 9 1 ' 1 °° h ° UrS When the device wa * driven 
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Example 3 Preparation of an organic EL devic (An xampl of the third construction: the fluoranthen skeleton 
structure) 

[0070] A glass substrat of 25 mmx75 mmxl .1 mm thickness having a transparent lectrode line of ITO (In-Sn-O) 
5 (manufactured by GEOMATEC Company) was cleaned with isopropyl alcohol for 5 minutes under application of ultra- 
sonic wave and treated by the UV ozone cleaning for 30 minutes. The cleaned glass substrate having a transparent 
electrode line was attached to a substrate holder in a vacuum vapor deposition apparatus. On the face of the substrate 
on which the transparent electrode line was disposed, a TPD232 film having a thickness of 60 nm was formed in a 
manner such that the film covered the transparent electrode line. The TPD232 film worked as the hole injecting layer. 
10 Then, an NPD film having a thickness of 20 nm was formed on the TPD232 film. The NPD film worked as the hole 
transporting layer. On the NPD film, the fluorescent compound (E1 ) described above was vapor deposited and a film 
having a thickness of 3 nm was formed. This film worked as the layer of a fluorescent compound and emitted orange 
light. On the thus formed film, a styryl derivative DPVBi was vapor deposited and a film having a thickness of 40 nm 
was formed. This film worked as the light emitting layer emitting blue light On the film formed above, an Alq film having 
'5 a thickness of 20 nm was formed. The Alq film worked as the electron injecting layer. Subsequently, Li (lithium, man- 
ufactured by SAES GETTERS Company) and Alq were binary vapor deposited and an Alq:Li film was formed as the 
electron injecting layer (a cathode). On theformed AlqrLi film, aluminum metal was vapor deposited and a metal cathode 
was formed. Thus, an organic EL device was formed. 

[0071] The properties of the obtained organic EL device were evaluated. A direct voltage of 5 V was applied in a 
20 condition such that the ITO anode was connected to the positive electrode (+) and the aluminum cathode was connected 
to the negative electrode (-). White light was emitted at a luminance of 131 cd/m 2 , a maximum luminance of 60,000 
cd/m 2 and an efficiency of light emission of 5.8 cd/A. The life was as long as 1 ,400 hours when the device was driven 
under a constant voltage at an initial luminance of 1 ,000 cd/m 2 . 

25 Example 4 Preparation of an organic EL device (An example of adding a hole transporting material to the light emitting 
layer) 

[0072] A glass substrate of 25 mmx75 mmxl .1 mm thickness having a transparent electrode line of ITO (In-Sn-O) 
(manufactured by GEOMATEC Company) was cleaned with isopropyl alcohol for 5 minutes under application of ultra- 

30 sonic wave and treated by the U V ozone cleaning for 30 minutes. The cleaned glass substrate having a transparent 
electrode line was attached to a substrate holder in a vacuum vapor deposition apparatus. On the face of the substrate 
on which the transparent electrode line was disposed, a TPD232 film having a thickness of 60 nm was formed in a 
manner such that the film covered the transparent electrode line. The TPD232 film worked as the hole injecting layer. 
Then, an NPD film having a thickness of 20 nm was formed on the TPD232 film. The NPD film worked as the hole 

35 transporting layer. On the NPD film, the fluorescent compound described above (E1), NPD as the hole transporting 
material and a styryl derivative DPVBi as the material emitting blue light were mixed in amounts such that the ratio of 
the amounts by weight was 20:20:0.04 and a film was formed from the mixture. This film worked as the light emitting 
layer emitting white light. On the film formed above, an Alq film having a thickness of 20 nm was formed. The Alq film 
worked as the electron injecting layer. Subsequently, Li (lithium, manufactured by SAES GETTERS Company) and Alq 

40 were binary vapor deposited and an Alq:Li film was formed as the electron injecting layer (a cathode). On the formed 
AIq:Li film, aluminum metal was vapor deposited and a metal cathode was formed. Thus, an organic EL device was 
formed. 

[0073] The properties of the obtained organic EL device were evaluated. A direct voltage of 5 V was applied in a 
condition such that the ITO anode was connected to the positive electrode (+) and the aluminum cathode was connected 
45 to the negative electrode (-). White light was emitted at a luminance of 1 31 cd/m 2 , a maximum luminance of 1 20,000 
cd/m 2 and an efficiency of light emission of 8.0 cd/A. The life was as long as 2,000 hours when the device was driven 
under a constant voltage at an initial luminance of 1 ,000 cd/m 2 . 

Example 5 Preparation of an organic EL device (An example of the first construction: the pentacene skeleton structure) 

50 

[0074] An organic EL device was prepared in accordance with the same procedures as those conducted in Example 
1 except that a styryl derivative DPVBi, PAVB having the structure shown below as the fluorescent dopant emitting 
blue light and a fluorescent compound F1 having the structure shown below (the peak wavelength of fluorescence: 
595 nm) were vapor deposited on the NPD film in amounts such that the ratio of the amounts by weight was 40:1 :0.05 
55 and a film having a thickness of 40 nm was formed. 

[0075] The properties of the obtained organic EL devic wer evaluated. A direct voltage of 6 V was applied in a 
condition such that the ITO anod wasconnect dtoth positiv el ctrode(+) and the aluminum cathode was connected 
to the negative electrode (-). White light was emitted at a luminanc of 319 cd/m 2 , a maximum luminance of 100,000 
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vnltaga at an initial l um m, noe « , cZ* 9 " M00 l ™ U,S "* 9 " ,he ** "» *Mti conatant 
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Example 6 Preparation of an organic EL device (An example of the 
structure) 




second construction: the pentacene skeleton 



(n^l^ ^ 3 * 3 « eiectrode line of ,TO (,n-Sn-0) 

sonic wave and L*e7oy S ^S^S^^SSX ? ? ? minUt6S ""^ aPP ' iCati ° n ° f Urtra ' 
electrode line was attached to a substrate SSJSllf! I C ' eaned 9 ' aSS SUbstrate havin 9 a transparent 

on which the transpalt ^ 

manner such that the film cove^e^T^ ° f 60 " m Was fo ™ d ■ 

Then, an NPD film having a thickness of 20 nm wasSd Z Z rJn^, " WOrked 38 the hole '^ ecXin 9 la V er - 
DPVBi and a fluorescent compound ^ ) S^S^fc, H ^ NP ° f " m ' 3 S ™ deriva,ive 

was 2:0.026 and a film having a thiS^^ STfeJSS """i^* 0 ratio of the amounte by wejght 

orange light. On the formed 1, the sty^l deLa^PvKd TSZZET ** ** f emitting layer ^"^ 

38 nm was formed. This film worked a* th» iinht 7" uum °f we, 9 nT was 38 -i and a film having a thickness of 

film having a WoJJT* »^ °" »» »™d above, an Ale, 

(lithium, manufactured by SAES GETTERS CominS IS ! Ctr ° n mjeCtlng layer Subsequently, Li 

formed as the electron l£l^S5KS^^ ^nary vapor deposited and an Alq:Li film was 
a meta. cathode was formed. Us, £ Sfa^tES ^'"^ ^ ^ V3P ° r dep ° Sited 3nd 

to the negative electrode (-) ^iHaM w2 1 °' h . e P° s t,veelectrode W andthe aluminum cathode was connected 
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under a constant voltage at an initial luminance of 1 ,000 cd/m 2 . 
Comparative Example 1 

5 [0078] An organic EL device was prepared in accordance with the same procedures as those conducted in Example 
1 except that rubrene which is generally used as a fluorescent compound emitting orange light was used in place of 
the fluorescent compound (E1). 

[0079] The properties of the obtained organic EL device were evaluated. A direct voltage of 6 V was applied in a 
condition such that the ITO anode was connected to the positive electrode (+) and the aluminum cathode was connected 
10 to the negative electrode (-). White light was emitted at a luminance of 140 cd/m 2 , a maximum luminance of 60,000 
cd/m 2 and an efficiency of light emission of 4.0 cd/A. The efficiency of light emission was markedly inferior to those 
obtained in Examples. The life was as short as 560 hours when the device was driven under a constant voltage at an 
initial luminance of 1 ,000 cd/m 2 . 

' 15 INDUSTRIAL APPLICABILITY 

[0080] As described above in detail, the organic EL device of the present invention emits white light and has an 
efficiency of light emission as high as 5 lumen/W or greater and 5 cd/A or greater and a life as long as 1 0,000 hours 
or longer under the condition of ordinary use. Thus, the organic EL device exhibits properties sufficient for practical 
20 applications. The organic EL device is advantageously used as the light emitting device in various types of display 
apparatuses. 



Claims 

25 

1 . An organic electroluminescence device emitting white light which comprises a pair of electrodes and a layer of a 
light emitting medium disposed between the pair of electrodes, wherein the layer of a light emitting medium com- 
prises a light emitting material emitting blue light and a fluorescent compound having at least one structure selected 
from a fluoranthene skeleton structure, a pentacene skeleton structure and a perylene skeleton structure. 

30 

2. An organic electroluminescence device emitting white light according to Claim 1 , wherein the layer of a light emitting 
medium comprises light emitting layer A comprising the light emitting material emitting blue light and the fluorescent 
compound. 

55 3. An organic electroluminescence device emitting white light according to Claim 1 , wherein the layer of a light emitting 
medium comprises a light emitting layer emitting blue light and light emitting layer A which comprises the light 
emitting material emitting blue light and the fluorescent compound. 

4. An organic electroluminescence device emitting white light according to Claim 1 , wherein the layer of a light emitting 
40 medium comprises light emitting layer B comprising the light emitting materia! emitting blue light and a layer com- 
prising the fluorescent compound. 

5. An organic electroluminescence device emitting white light according to Claim 1 , wherein the layer of a light emitting 
medium comprises a light emitting layer emitting blue light and a layer comprising the fluorescent compound. 

45 

6. An organic electroluminescence device emitting white light according to Claim 2, wherein light emitting layer A 
comprises the light emitting material emitting blue light and a fluorescent dopant emitting blue light. 

7. An organic electroluminescence device emitting white light according to Claim 3, wherein light emitting layer A 
50 comprises the light emitting material emitting blue light and a fluorescent dopant emitting blue light. 

8. An organic electroluminescence device emitting white light according to Claim 4, wherein light emitting layer B 
comprises the light emitting material emitting blue light and a fluorescent dopant emitting blue light. 

55 9. An organic electroluminescence device emitting white light according to Claim 3, wherein the light emitting layer 
emitting blue light comprises the light emitting material emitting blue light and a fluorescent dopant emitting blue 
light. 
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B^/e^^ ra^i^Lt^^a^g^p^^tanthracene slfeleton^structtire' 1 ^ '° ^' a ' m ' 8, wherein the anthracene deriv- 
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27. An organic electroluminescenc device emitting white light according to Claim 10, wher in the fluorescent dopant 
emitting blue light is at least on compound selected from styrylamines, styryl compounds substituted with an 
amine and compounds having a condensed aromatic ring. 

28. An organic electroluminescence device emitting white light according to Claim 1 , wherein th fluorescent compound 
has an electron -donating group. 

29. An organic electroluminescence device emitting white light according to Claim 1 , wherein the fluorescent compound 
has a peak wavelength of fluorescence at 540 to 650 nm. 



J 
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